Purpose: Adiponectin is expressed in adipose tissue, and is affected by smoking, obesity, and genetic factors, such as CDH13 polymorphism, contributing to the development of coronary vascular diseases (CVDs).
INTRODUCTION
Some adipokines are produced in adipose tissue, while others are partially secreted by infiltrating macrophages and stromal cells. 1 Among adipokines, adiponectin is only expressed by adipocytes, and stromal vascular cells of adipose tissue. Adiponectin is known to increase insulin-stimulated glucose uptake by enhancing Akt phosphorylation. Plasma adiponectin levels have been found to be correlated with body mass index (BMI), type 2 diabetes mellitus (T2DM), and coronary vascular disease (CVD). Additionally, decreased expression, secretion, and circulating levels of adiponectin have been reported in obese populations. [1] [2] [3] Adiponectin treatment reduces the expression of endotoxin-induced pro-inflammatory cytokines and increases anti-inflammatory interleukin-10 (IL-10) expression in monocytes and macrophages. Exogenous administration of adiponectin also decreases allergic airway inflammation in mice. 4 In spite of its anti-inflammatory and anti-atherogenic effects, adiponectin is potentially associated with adverse clinical outcomes, such as mortality. As plasma adiponectin levels are strongly influenced by single nucleotide polymorphisms (SNPs) of the gene encoding T-cadherin [the cadherin 13 preprotein (CDH13)], several studies had been conducted to examine the possible associations between CDH13 genotype and plasma adiponectin levels. 5 CDH13, a 95 kd glycoprotein, is an atypical member of the cadherin family of cell adhesion molecules. 4 Unlike classical cadherins, it has low adhesive characters and is attached to the cell membrane via a glycosylphosphatidylinositol anchor, as it lacks both transmembrane and cytoplasmic domains.
6 CDH13 functions as a negative regulating molecule during the development of the nervous system and is involved in migratory processes, tumorigenesis, and angiogenesis. 7, 8 Moreover, CDH13 is involved in endoplasmic reticulum (ER) stress responses. Several studies suggested CDH13 is upregulated in endothelial cells after induction of ER stress and protect these cells from apoptosis in reaction to the proapoptotic response. 9 Another report observed that GRP78, a molecular chaperone similar to CDH13, was involved in pro-survival responses to ER stress, as a signaling partner to CDH13, along to the surface of endothelial cells. 10 Recently, several CDH13 SNPs, such as rs3865188, have been reported to be determinants of blood adiponectin levels in Asians. The association of rs11646213 in CDH13 and blood pressure phenotype has also been investigated in European cohorts. Another SNP, rs4783244, was also shown to be associated with metabolic syndrome phenotype in Taiwanese. 11 However, the association between CDH13 variations and cardiometabolic disease is not completely clear.
Statins [or 3-hydroxy-3-methyl-glutaryl (HMG)-CoA reductase inhibitors] are known to be effective in reducing risk of cardiovascular events in patients with CVD by lowering cholesterol synthesis. 12 Several reports have demonstrated that statin shows pleiotropic effects in modulating endothelial function, stable angina pectoris, inflammation, and thrombosis. 13, 14 However, only the impact of APOE on statin treatment efficacy has been reported, although the APOE4 allele is associated with a poor response to statin treatment. 15 Therefore, in this study, we aimed to examin the effect of CDH13 rs3865188 on adiponectin levels and lipid profiles in 345 statin-free or statintreated outpatients enrolled with the Cardiovascular Center at Severance Hospital in Seoul, Korea.
MATERIALS AND METHODS

Study population
A total of 345 outpatients were recruited from the Cardiovas- . Subjects who exhibited positive results for dyslipidemia on three separate visits and patients who had taken anti-hyperlipidemic medications such as statins were also included. For further analysis of the association between genetic variants and other metabolic traits, the study population was divided into two groups: a statin-free group and a statin group. We analyzed the effects of CDH13 rs3865188 on blood chemistry with statin groups compared to the statin free groups. This study was conducted according to the guidelines of the Declaration of Helsinki, and was approved by the Institutional Review Board of Yonsei University Medical Center (IRB#: 4-2001-0039). Written informed consent was obtained from all study participants.
Clinical data and blood samples
On the day of enrollment, clinical data including demographic variables and medical history were recorded. We calculated BMI as a ratio of weight (kg) divided by the height (m 2 ). Blood lipid profiles [total cholesterol (TC), low-density lipoproteincholesterol (LDLc), HDLc, TG, and HDL subtypes], fasting blood sugar (FBS), insulin, enzymes related to HDL metabolism [lecithin cholesterol acyltransferase (LCAT) and cholesteryl ester transfer protein (CETP)], and adipocytokines [adiponectin, leptin, monocyte chemoattractant protein-1 (MCP-1), visfatin, IL-6, tumor necrosis factor-α (TNF-α)] were obtained from serum or plasma collected after an overnight fast and kept at -80°C until further analysis. FBS, TC, and TG were measured using a Hitachi-7600 analyzer (Hitachi Ltd., Tokyo, Japan), and LDLc was calculated by Friedewald equation. The 600 µL of fresh serum, kept at 4°C for less than 1 day, used for HDL subclasses after HDL fraction was isolated by new micro-ultracentrifugation at 1.063<d<1.21 g/mL (Hitachi CS150GXL, CS140AT fixed angle rotor, Tokyo, Japan), and separation of HDL subfractions were conducted as previously reported. 16 All cytokines, as well as LCAT and CETP, were measured by enzyme immunoassay using an ELISA kit (Diichi Pure Chemicals, Tokyo, Japan). Serum adiponectin and insulin levels were measured by an enzyme-linked immunosorbent assay (Mesdia Co. Ltd., Seoul, Korea). 17 The intra-and inter-assay variances for adiponectin were 6.3-7.4% and 4.5-8.6%, respectively.
Sequencing and genotyping
PCR primers were designed to independently amplify CDH13 fragments. Primer sequences are available on request. PCR products were purified and then sequenced using a BigDye Terminator Cycle Sequencing Kit (version 3.1, ABI, Foster City, CDH13 Gene and Statin on TG/HDL in CVD CA, USA) and an ABI 3730×1 automated sequencer (Applied Biosystems, Foster City, CA, USA). The sequencing primers were the same as those used for PCR amplification. SNPs identified in the CDH13 gene by whole gene sequencing were genotyped. Genomic DNA was extracted from 5 mL of peripheral venous blood using a commercially available isolation kit (QuickGene SP Kit DNA whole blood, Fujifilm, Tokyo, Japan). Genotyping was performed using the TaqMan fluorogenic 5' nuclease assay (ABI).
Statistical analysis
Group differences for categorical variables were assessed by chi-square test, and continuous variables were examined by Student's t-test. The association between genotype and adiponectin level was evaluated using odds ratios (ORs) and 95% confidence intervals (CIs) from chi-square tests and logistic regression analyses. The results are presented as mean±st-andard error range. p-values for each genotype and allele were evaluated by χ 2 analysis and Fisher's exact test. A p-value with three decimal places was taken to indicate statistically significant differences between statin-free and statin-treated subjects of the study. Associations between clinical variables, such as age, BMI, and TC, were analyzed by Pearson correlation test. All analyses were performed using SPSS software, version 18.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
Characteristics of the study population according to genotype and alleles of rs3865188
Characteristics of the population are shown in Table 1 . The 345 subjects recruited were aged 62.56±10.0 years, and 67.3% (n= 233) of the total population were men. Subjects with the CDH13 SNP showed significant differences in several clinical factors, including adiponectin level; diastolic blood pressure (DBP); and levels of FBS, insulin, and TG (Table 1) . Subjects with the T allele (mutant form) had significantly lower adiponectin and insulin levels and significantly higher plasma TG than those with the A allele (wild-type form) (p<0.05). In contrast, alleles of the CDH13 gene showed a divergent trend when compared with the genotype. There were significant differences in FBS level and DBP between heterozygous subjects with the AT allele and homozygous subjects with an AA or TT allele, which may have contributed to the non-significant differences observed in the FBS level and DBP between A and T alleles. Other blood chemistry data, such as lipid profiles with HDL subtypes or inflammatory cytokines, did not differ by CDH13 genotype or allele types.
CDH13 variants and statin treatment on lipid risk factors
One SNP (rs3865188) was significantly associated with adiponectin level. In the additive model, adiponectin level was not associated with a decreased risk of dyslipidemia (OR=0.732, 95% CI, 0.349-1.545, p=0.406) (data not shown). Subjects with the A allele had higher adiponectin levels than those with the T allele in the statin-free group, but there were no differences in statin groups (Table 2 ). There was also a difference in TG/ HDL levels between subjects with the T allele and those with the A allele in the statin-free group. Moreover, there was no difference in TG/HDL and adiponectin levels in the statin group. The subjects with a minor T allele of rs3865188 had higher LDLc and MCP-1 levels, whereas those with rs3865188 had lower insulin levels in the statin group (p=0.003). Statin treatment strongly decreased TC, LDLc, TG/HDL ratio, and HDL3b subfractions regardless of having the A or T allele, respectively. In the statin-free group, subjects with the TT genotype of the rs3865188 SNP had lower adiponectin levels (p=0.032) and higher TG levels (p=0.025) (Fig. l) . In the statin group, however, the TT genotype was strongly associated with reductions in TG levels and in TG/HDL. Plasma adiponectin levels were significantly increased for individuals with the AT genotype and those who underwent statin treatment.
Trends in inflammation markers in subjects who underwent statin treatment
Subjects in the statin group with the TT genotype had higher MCP-1 levels than patients in the statin-free group with the same genotype (57.92±40.90 vs. 26.14±22.39). Statin treatment did not effect reductions in MCP-1 among persons with the AT genotype (Fig. 1) . In terms of allele distribution, there was a significant difference in MCP-1 levels in subjects with the T allele, compared to those in subjects with the A allele, in the statin group (p=0.009) ( Table 2 ). On the other hand, individuals with the AT genotype in the statin group had higher leptin levels than wild type patients and mutant homozygous patients. Plasma levels for other cytokines, leptin, visfatin, IL-6, and TNF-α did not differ according to CDH13 genotype or statin administration. TNF-α levels were lower for the T allele than the A allele ( Table 2) . (data not shown) . In the statin-free and statin groups, linear regression analysis was performed to estimate the relative contributions of clinical variables, such as BMI, TG level, insulin level, and HDL2b fraction, to the inter-individual variations in adiponectin level. Therein, TG level was associated with adiponectin level in statin-free individuals with the T allele, not the A allele. In the statin group, there was no association between TG and adiponectin levels in individuals with the T allele (Fig. 2) . Plasma adiponectin level was negatively associated with TG/HDL ratio in patients with the AT genotype in the statin-free group. However, the effect of the AT genotype was not observed upon statin treatment.
Risk factors related to adiponectin level
DISCUSSION
This study is the first to suggest a significant association between SNPs located within CDH13 and statin treatment on plasma adiponectin levels and lipid profiles in Korean cardiovascular patients with dyslipidemia. First, we found that plasma adiponectin levels decreased according to CDH13 genotypes, in order to from major AA to minor TT types. Although the mechanism of the transcriptional regulation of CDH13 is not clear, a nucleotide variant in the promoter region is asso- ciated with increased promoter activity, and also plays a crucial role in its expression. 18, 19 Even though rs3865188 is not located in the promoter region of CDH13, we demonstrated in the present study that this variant is positively associated with adiponectin levels. 18 This is similar to the findings of previous studies, and our results suggest that the CDH13 variant rs3865188 may regulate adiponectin levels. The traditional cardiovascular risk factors, including age, sex, hypertension, smoking, hypercholesterolemia, and body mass index, have been reported. 20 Another study investigated the role of T-cadherin expression in regulating adiponectin levels, and the involvement of CDH13 or adiponectin levels in the development of cardiometabolic diseases. 11 Furthermore, several reports have found that CDH13 variants have modulating effects on metabolic traits, and they increase the risk of metabolic syndrome, diabetes mellitus, and ischemic stroke. In contrast to these previous studies, rs3865188 variants were not associated with risk of cardiometabolic diseases including dyslipidemia in our study. However, TG, TG/HDL, and adiponectin levels according to CDH13 genotypes or allele types might be changed by statin administration. This suggests that increases in plasma adiponectin levels upon statin administration are strongly associated with particular genes.
We also found that CDH13 SNP (rs3865188) is strongly associated with metabolic traits, including BP and plasma levels of FBS, insulin, and TG and that adiponectin levels are not negatively associated with dyslipidemia described by TG/HDL. Recently, an association between a CDH13 SNP and BP was identified in a subsequent genome-wide association study. In particular, carriers of the minor allele of CDH13 rs11646213 showed a decreased risk of hypertension, while carriers of rs3096277 and rs254340 (located in intron 11) showed an association with BP. 21 Evidence of the involvement of CDH13 in BP regulation was demonstrated in another population-based cohort (Framingham Heart Study). 21 In hypertension subjects, minor allele carriers of rs12444338 had a lower risk of hypertension, although the association was marginal after adjusting for confounders. In addition, the mean carotid intima-media thickness (IMT) was significantly associated with rs12444338 (p=0.02) and rs1048612 (p=0.02). 22 In this study, genotypes of the SNP rs3865188 were also associated with DBP. Interestingly, we observed lower insulin levels with increased adiponectin levels in statin-treated subjects with the T allele, compared to statin-free groups with the A allele. CDH13 strongly influences circulating adiponectin levels and is associated with a beneficial metabolic profile: the positive relationship between adiponectin and insulin sensitivity in East Asian populations appears to be causal. 23 In the present study, plasma adiponectin levels were negatively associated with TG and TG/HDL ratio in patients with the AT genotype in the statinfree group. In the statin group, however, the effect of the AT genotype disappeared, because adiponectin levels was increased by statin administration. We found that statin treatment significantly decreased TC, LDLc, TG/HDL ratio, and HDL3b fraction, compared to statin-free individuals, and increased adiponectin in persons having mutant alleles of the CDH13 gene. In general, a shifting toward small-sized HDL was changed by serum TG or TC elevation. Besides, serum TG level is a more important factor to change the components of small HDL such as HDL3b or HDL3c, compared to serum TC level. 16 Even though we do not know whether adiponectin causes these lipid abnormalities and, thus, whether it is partly responsible for atherogenic risk, high TG/HDL is associated with low plasma adiponectin concentrations in nondiabetic women. 24 In our study, the interaction between CDH13 gene and statin may effect HDL subpopulations according to changing plasma TG and TC levels.
Many studies have revealed that statin administered before or after CAD or stroke onset can decrease mortality and enhance the short-term and/or long-term outcomes of ischemic stroke. 25, 26 However, inflammation is not included in the list of classic risk factors for atherosclerosis, although it seems to be an additional important therapeutic target for the reduction of cardiovascular risk. The secretion of biologically active molecules including MCP-1 has an ominous impact on atherogenesis. Nevertheless, adiponectin has a protective effect against the development of cardiovascular disease, and its levels are reduced in metabolic syndrome. 27, 28 The use of drugs such as statin for treating dyslipidemia and its modifying effects on lipid profiles has been the focus of recent studies, which suggest that therapeutic targeting of inflammation may be used as a strategy to decrease cardiovascular risk. 29 Some reports show that the use of rosuvastatin, a HMG-CoA reductase inhibitor, leads to a significant reduction in cardiovascular events in individuals without dyslipidemia with elevated high-sensitivity C-reactive protein levels, a marker of systemic inflammation. 30 In the present study, statin did not affect inflammatory cytokines, such as MCP-1, leptin, visfatin, IL-6, and TNF-α. Meanwhile, patients in the statin group with the TT genotype exhibited higher MCP-1 levels than those in the statin-free group. Since plasma adiponectin level was increased by statin in TT genotypes, we assumed that adiponectin and MCP-1 was balanced to offset the increased CVD.
The impact of genetic polymorphisms on statin treatment efficacy has been analyzed in several clinical trials, and the variants in more than 30 different genes have been investigated. 15 Even though knowledge obtained in this field is quickly growing, results have not been replicated in larger patient groups. 15 Only the APOE4 allele has been shown to be associated with a poor response to statin treatment. Other genes examined include only APOA5 or cholesterol 7-α hydroxylase. One report detected a potential variant within the APOE/C1/C3 gene cluster that could influence statin treatment efficacy, and another pilot study suggested that the rs4149056 variant within the SL-CO1B1 gene had possible sex-dependent effects on statin treatment efficacy. 31 CDH13 is highly expressed in several tissues, including the heart, aortic wall, neurons of the brain cortex and spinal cord, and small blood vessels, as well as in a variety of cell types, such as vascular endothelial cells, smooth muscle cells, pericytes, cardiomyocytes, and cancer cells. 11, 32 Reports on cellular signaling have observed that both LDL and adiponectin are specific ligands for T-cadherin, a product of CDH13. The binding of LDL or adiponectin to T-cadherin stimulates the nuclear factor-κB signaling pathway, which plays an important role in inflammation, and serves as a link between obesity and vascular disease. 19, 33 In addition, T-cadherin might modulate vascular remodeling, neointima formation, inflammation-related phenomena, and atherosclerosis development by regulating the adiponectin levels in the blood and various tissues. 21 In the present study, we showed the contribution of variants of CDH13 to statin treatment efficacy. However, the genetic effects of CDH13 rs3865188 and the complexity of the development of cardiometabolic diseases was not evaluated in the present study, because there was not enough data to demonstrate an association between one variant of CDH13 and statin treatment.
There are several limitations of this study. First, we could not find any reports that provided an explanation of the association between the CDH13 polymorphism and statin treatment efficacy. There is abundant research demonstrating the association of adiponectin levels and the CDH13 gene in several populations. However, we observed that studies in which genes that affect statin treatment efficacy have been identified, including the APOE/C1/C3 gene cluster, do not provide sufficient data to demonstrate the association of CDH13 and statin treatment. A similar problem was encountered in our study. Second, only one variant of CDH13 (rs3865188) was examined in our study; this is not sufficient to effectively evaluate the association between the CDH13 gene and adiponectin levels. Third, we did not perform any analysis to predict the effects of pharmacotherapy, and the individual efficacy of a drug was determined through genetic analysis only.
In the present study, we found that the genotypes of CDH13 play a crucial role in regulating adiponectin levels with plasma lipid profiles undergoing statin treatment in Korean CVD and dyslipidemia patients. The results of genetic analyses conducted in the future may help clinicians select the most effective and safe treatment for each individual patient. Although the economical and health benefits of such approaches are evident, we are still at the early stages of this research and only beginning to understand the genetic factors that determine statin treatment efficacy. Nevertheless, the novel variations within CDH13 may be utilized for better clinical management of coronary artery diseases in the future.
